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Analysis of Stoty Problems 



i-.-" '■ . \^■ : Abstract' ' ' ' 

al of this study was ^tb develop a framework; for dladgifying algebra story 
. problems and to determine observed frequencies for each. probiem^ type. 1097 , 
V algebra story problems were l^elected nine standard algebra textbooks r^^ t^^^^^^ 

Thes^^rl divided into eight.. families , based on^^ t]ie natur6 ■ of- ttie . source ^ f ormulai ^ 
involved; for example, nearly 300 problems wei?e classified in the ;'|^time ^ra^^ 
«^ami"iy" betcause they were based on the jsdurce^ foraula,i;"distanc4^^o^^^ rate x tima" 
^ or "butp^lt = rate X time." . Each f amfly ;was^ divided into prQbl.em categories ; 
based on the -general form of the story line; for example, the time rate fami;Ly 
-consisted of "m6tiori,'r "current and -"work" catej^ories\ ' Each category was ^ j-^ 
divided ifeffEo templates based^ on' the 'specific .propositional g;tructure of -the ' 
problem; for example, there were a dozen templates for. motion'- problems such as 
"overtake," ^'closure," "round trip," etc/ /This paper descpi-feeg ;the procedure * 
for generating families , ^c^t^i^gories ,• ' and templates and provides frequency counts 
for each observed template. . Implications fbr fostering -productive rjssearch and 
^instruction are discusse^/ / " ; V " « ^ .^^^^^ v - 



■ ■ • M/. — 

. / Ttieire^ been growling ^nder eat in the stilly' o^.; how 'people solve algebra / , 

; \ . " ■ ' stbry probleTns~w|^ and^ Simon (1977) call ''those 20 Century. ' , • 

■ ■ ■ •■■ M^- ^ :. ■'-'■^y,\^ ;..v^' ••• ' ; ■ ■ •• . .. ■ . . ■ «, ■ . -.^-^ .v V-.'.- 

fables. 'V ^ H6wever,^ ^esearch^^ .this drea has been hindered by a latk of f ra^er 0* ^ . ' 

X : wojr.k foj daa^riM^ differences and $imilaritie^* ambng algebra story; problems. ; ^ ; * 

For example^ the same names suih.ap ■'DRT*^or %ork" ar ed»characterize.? : ' . 

•different problems by differentV investigators, while very similar problems raajl^ 

' v 'i^^ ^glven different names. ^Heric^i it is difficult to generalize ^or compare from ' 

V1 one study to;ano1:hfe^ ^^ile a-review.'of .,the literature is beyond the scope of 

L. M^' r ; ■ ^ ^. ^■■■ 

-^.|-'/^ ^h±^:gapiBi: (see May et; 198^ provide a fr^ework 



■J 



t;; • . ' , • ■ ■ . ... . - 

for describing types of algebra story problems and to provide norms for ob- 
; served 'frequencleis in algebra textbooks for each type. ^ v^. ' 

; cla3si:ficiation of A lgebra Problems ^"' ^/ ' . * - 

rV -1^^ majar schemes for classifying algebra problems : b/ the fdrm; 



of the underlying algebraic equations, or by the ^general f ormyof 'the story 
line. V .V ^ r' ■ . ■ 



- .. * The-form of tjie; under lying equation refers to the structure of the so- / ' 

. ■ s/ ,lution equation. For ^.example, a problem may require one equation 'with one ^ 

■ ■.- ' ■ " * . : f- . .'■ . . *■ V * - 'r ".■ ■ ' \ ■' ' ' ' ■ , .. ' 

unknown and two giyens (such as a simple time-rate-distance problem) ^a problem 
-- ^ • '.V ^ ' . ■' ' ' . : " ' y^' ' 

v. ^ . ' f may require solving simultaneous equations (such s^^s In many age. problems) ; a - 

problem may involve^a simple linear relationship between two variables (such as 

in direct variation problems); a problem may involve quadratics (such as area * 

■ ■'■ *v"' . ■ - ^ ■ ' ■ ' ' ^ . ' \- ■ ■ ■ : ' . ■■!■■ ' ' ■ : ■ 

problems).; and so* on." Most algebra:>"textbooks are organized into chapters based 
'_..», j /. ^? ^ . ^' ■ . ' .. ■ . ^ , 

yrs^r^/" onM^e f orm of the underlying jaquat^on. . ^ \ * 

. -^ The form of thp story line^ feters to major "categories" of problems such 

as motion, work, river, current ,V age, doiri, etc. Hinsely, Hayes & Simon (1977) . 

: ;refer to these as . "scHemas'Vand suggest that th^re are a^^^^ of them: ^ 

=;^|triangle,' DRTi .^averag^^ conversion, ratio, interest ,; ar'ea, max-min, 
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. / , ' V : , '/ * - Amilyais of Story Froblema 

' r..'/^^, ' - - * ■ ; , „■. '''^ ' * . . , ' ■ ^ : ' ' 

• ' . > ■ ■ -^ ^ ' ^ ■ ■ ^ , V.:- ■ ■ ■ ■ ■ ' ^ t ^ ■ ' . • ..' 3^ i- 

■jr-r;: , ^^'^ v' ^ r . . . ' ■ '-^^''^ •: ' ji' 

; rtiacture, river ciqrxrent,, probability, number, work, navigation, prbgreaalon^, 
; pro8re8aiona-2:, physics ^ .exponentlala^^ pages 93-4). Many, textboots ex- 
pllcitly name- the majqx problem categories and provide solution ..procetiurea for 

each. • ■■>■ : \ / ^ 

■ . . ■ ■ '-^y--'-:. > V ■ ' • V.s ' 

. *The two ayatema are not mutually;. ex9luaive. In general, certain major r ^ 
I catlegoi^les of problema (baaed on atory linfe) involve characterils tic under- <i 
lying equationa, aa noted above. However, ' while categorizing , problema .into'j r 

\: r.' . - ' \ ■ i . ■ ' * ' 1 : - ' 

•general* groupa, aiich as Kinsley et al. , ia a useful first step, thetd mayvbe i ' 

important levels both ab6v6|and below the /^category" level. Since these levels* 

■ ^- ' : ; v." ' " ' . .. ; . ■ . \ A - ' ' 

may b;^ relevant to tlk' vay in wljich students iwprk with problems, ' thiij paper ^ 
^ will focus pn^ the following l^vels^of arialysXs.*^ . 1 . . ; : 

. problem f onnat~i!7hat is a story probletf^ Can pi^pbjems Jie ':,divided " ^ 

' into story problems ajali hon-^tory probljems? For 

• ^ ■ - ■ ■ ■ ■ . ■ ■ ' ■ ■ • \ .■ - • ■ .I'. • 

problems, can problems be further divided into equation, 

. ; , ; * ;^ • for^ and ^ithme fete word? ' : ^ 

probl^ family and source formuiaV:li^ny story problems have an under- ! 

; ,iy^^8 source formula; for example, 'Wst:ance = 

V 4 time" -or "output rate x tiine'V are sojirce formulas for - 

6 the "6lme rat6 famil^." What is the nature .of the under- 

• ^• ' ■ 

' : lying source-formula for each .problem? 

.. ■ ■ ■ . ■ ■;■ ■ ; . . ■'■ ■' ; 

problem category--This is the level of analysis that ^is usally presented 
in textbooks. ' Based on story lijie,- for example, the "time 
rate family" can be broken into "motion," "current^" and ' 
■ ' /'work" categories ;V What is the category of the problem? 

' ' P'^Pblem. template, variation and modification-^A more detailed level of > 
• V r t ^' .analysis focuses on the propositionai. structure of the 




':\''--:'^ '-- • • - ^ Arialyala of Story Problema 

problem, For example, there, are at least 12 different , 

n ■ ■ ■ • ' ' y ■ . . , / ■ ' ■ ■■ . 

pemplatea for motion' prob^lems', ' such aa "overtake," 
. f .<': ' "round trip," "closure." In addition, there are 

, * V variations and modifications that may be introduced 
\; . for eaich template. What .ia^ t 
- . problem? * ' . ' ' 

As can be seen, although the category level is the standard level ot analysis, 

problems can be analyzed at a higher level (such as "family'V or "sb^irce form- 

■ " v. V' ' ■ • ^ ' ., • ^ . : ' > ■ " ' ' 

ula") and at more detailed levels (such as "template'^ By investigating a - 

large data base of story problema, this .study will provide information con- 
cerning source formulas Apd templates in common use. . ' ' 



Selection of Data Pase 



; Mn currently approved for use iCT California 

•\;.-/ ■ ■ : ' ' ■■ - ■ ., ; •. ■ ■ ■ ■ 

^^ts.*'" (A li^ given in the reference section of - this paper).'' 

TKen, a phbtopopy was made-'of each page, that contained one -or-more algebra - ■ 

■ [■ ■ -^^^^^ ; , ■. . .■• ■, . .,' ■ |. 

Story problems, ^nally, each problem was cut ouf from the photocopy and glued 

. onto a. 4 X 6 inch Index card. , T^^ was "one problem per card, with the page 
^and. book source written on the back. ^ ^ . . ' 

A i)roblem was included in th^ data base if it met the following criteria: 
(1) The, problem was' given as an exercise or a chapter test rather than as a 
worked out example in the body of the text. Thus, the data base, contained 
problems that textbook writers assumed studentjs should be able to ^ solve. 
. (2) The problem asked for a numerical answer rather than translating", a story, 
into equations, making a judgment about what actions should be taken, esti— 
^ma^ng .an answer, or the like. (3) The problem j^sed words rather t^ian equations, 



Annlyaia of Story, Prob3,em« 

> .. . ' ■.- . ^ . • . .. : . , 'i- , ■ - ' \ ■■ ,5:„^ ' ; -..^ 

For example, Use R D/T to find the value of\ If D 300 and T « 10*' la nod a 
fttory problem;; Vlf a cat travels 300 milea In /o hours what la Ida average, 
apeed?"^ la a a tory problem. (AJ Theg^problem had a at;ory lino/consiatlngj of , 
characters, objects, and/or actions. For example, "Find five conaecutlva 

Integers whose sum is 45" has no story line; the following problems does have a 

■ , " • . ' ■ ' \ ^ ' 

story line, "If five tftembers o'f a cross-crountry team finished in consecutive 

order, and their team score was 45, find the place "(jif eaqh rupner/' Or, for 

: example, "A rectangle Ka^ an area of 80 square met els and iis lengtti is 2 

j^tneters. more than its width. . What is the perimeter |of the rpctangle?'^ has no 

story- line; the following problfem ^oes have a story line, '|Mr. Smith .wants to 

fence' his rectangular vegetable garden. His garden coritairjs 8C^ square meters 

and its length is 2 meters more tharv ^ts width, How many i|ietera of chain 



fencing must he buy?" Finally, "Divide 30 into two parts 



mch that one part. is 



4 more than .4 times the other., part," is not a story problejn; the following 

■ . ■ ' - ■ . ■ ■• .■ ' , ■ ■ .■■ " .- ■■ ■ ' : .■ ■ ■ . ; \: ■• * . 

problem is story problem: "The entertalximerTF portion of a 3p-minute TV 

program lasted* 4 times longer than 4 times the 'portion devDted to advertising. 

How many minutes were devoted to adveVtising and tb entertainment?" (5) The 

story linB wks more complicated, than an arithmetic* word problem, i. e; , the 

problem required more than a chain of addition and/or subtraction. For ex- 

ample, "Tom has -4 pencils. Then he gives -2 'pencils away, and he finds 3 more 

pencils.. How many pencils does he have now?" wa^ not systematically included 

in the data base. Generally, arithmetic word problems are 

..the curriculum, and thus are not. emphasdj;zed in secondary school textbooks. 

However^ some, arithmetic word problems were included in. order to. provide a 

general oveirview of the types of ^stor^ problems used in textlbooks. 



covered earlier in 
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' ' Analyii^ of Snory ?vob.lems 

' ■ ' .. ^'..^ : ■ 

Pfob.lem Fomaci Salflocion' of Alaabra atory ProblVma . , . 

'^The foragolng prodefUir^.genaratacl nppr^^ aavAn, with nn 

algebra probleftt on .oach. Although tho'maln goal was t^s^lact only algebra ^' 
\fltory problama, many non-story problems were InQlude/ lif the data base. The 



r^asona^werej (1) In order to guard against missing ^liy story problems^ all 
problems that seemed even remotely to be story problems were included with a 
more detailed inspection made later. (2) A substantial number of ropreaent-v 
ative ni^n-story problems were included in order to prpvide a general overview 
of all th^ problems in algebra textbooks. Thus, the data' base consisted of all 
algebra* stb^ry problems and some representat;ive npn-story problems. 

The next^step was to sort fc ^e pr pblems into five mutually exclusive groups 
based on probl'em forrnat. Table T presents definitions and examples of the 
groups. First, vDroblems can be divided into story and non-story groups taseS 
on the criteria gkven aboy^.; Chen, within each of these groups, the problems. ^ 
can be Tdivicied inta\ those based on a source 'formula and those that are not^ 



. \ 



For story problems, niost probleTr^? are based on a formula. involving rate (such 
as rate X time'*« distance) , geometry (such as area « length x width) , physics^ 

(such as force « weight^x distance), or statistics (such as the formula for 

. .'■ * • " ..■ ■ ' * ■. ■ ' ■'■■^ 

riumber: of combinations) ; .so^ problems such as number-storV problems do 

- ■ ■ , \ y'.f. - : / 

not rely on a source formula; For non-^torjr problems, most problems- do not 
require a source formula (e.§;.\ arithm^ic word,. number, equation but some 
non^story problems are based on a source equation (formula) . 

' ■ , ■ ■ ' ' '^ ■ <t ■ 

: ■ . . . \ ■ / ■■■ ■ . ■ ■ ■ . ■ ... 

' Insert table 1 about here * - . 



, »» . Analysts of Story Prot»i^ni§ 

GlaBfllfioatlon of Story ^Problema by Family and aourca Formu la ' 

' '■' • \ 

The lovegolng profiecUira, baaed on Che deflniGlona 'in Table 1, allowed lor - 
the aelectlon of 1097 nlgabva acoryproblema. Of the a cor y problems, aorae weva 
bttaaa on a simplo eormula (auch aa.jiacanca race h clme) wlviia othera. weta 
not. There ware eight major familiea of fotmulaa Involved in atory problema 
,and one Caiuily with no aource formula'; ' 

time rnte—ThesQ are probloma baaod on a rate formula involving time 

ouch as "distance « rifte x, time" or ^'^output •* rate x time/' 

' . ■■ \ 

unit cost rate — These are problems based on rateVormula involving unit 



\ 



costs such as "total»cost - unit cost x rii^mber of units." 

percent cost rate--These are problems based on a rate\f6rjfiula involving 
a percentage of total cost, such as "interest -jinterest rate 
X principal'V or "profit;- cost x markup rate.^* 

straight rate— These are problems based on a^rate/^formula in which one 
amount (or number) ,is comjiared to another as a iaimple rate, 
percent, fraction, index, proportion, or ratio. 

geometry—These are problems based, on simple formura^ from geometry 

. ^ J, , • . / 

• such as area and perimeter of rectangles, "area » length x 
. ' width"; circumference of. circles, C - 'TTr '; and the 
Pathahorean law for right triangles, a + b^ ^ <? . : 
physics— These are problems based on simple physics laws s^uch 
as Ohm's Law, R =» V 1 1."/ 

staitistics — These are problems based on simple statistical formulas such 

- \ ' ' * ' , • ■ • ■ ■ . ■ » ■ , • ■. 

■ as the formula for.number of cpmbinations, C « N!/(N-r)!r!» 
number-story — These* are. story problems that are not based, on any- source^ 
formula. ^ . . 



.Analysis pf a Cory PpobXemi 



JSxamples at cyplaal aoMfce fovmuUH are given in Table 2, The majot? faml-lies ^nd 
aoupea foCTiulas fop g%Qvy ppoblims in' the sampls/ai'i shown in ehe cop of 



Tabid 3, 



>iiiaert Tablaa 2 ^T\d 3 About; here 



ClaaalH^^^^ of Story rroblema-by Cflte«ory » . 

In thfO foragolnfe analyefajVeiich problem waa claaaiflod according to ita. * ' 
aourco formula. This 4ielpqd create several major "famillea*' glf problems, all . 
sharing the same kind of aourco formula. Within each family thiare were several ' 
categories of problems. The bottom 0)f Table 3 lists- the major categories within 
each family. Aa can be seen, some of the categories are "simple"— i.e. , they 
directly involve only the source formula—while others are "complex"-- -i.e. , ^ 
they use the. source formula in a more complex larger equation. Definitions and 
examples of some of the major simple categories are given in Table 2. Of the 
1097 story problems, 199 fit "simple \jategories," leaving 898 story problems in . 
"complex categories." The complex categories listed in the bottom of Table 3 ^ ' 
as well as the simple- categories listed in the middle of Table 3, summarize, all 

of the fproblem categories explicit-ly described in the textbooks as i^ell as all 

■ ^ - • ■ ■. . ■ . . ■ 

of the problem categories listed by Rich (1973)-- -i.e.', consecutive integer, : 

■ ■ f .... ,. ^ ^ ^ ^ ^ ^ ^ 

, ■ ' ■ ... _ ■ : . ■ ^ 

a^ge, ratio, angle, perimeter, coin, mixture, investment /inter est, motion, work, 
combination, digit, statistics— and all of the problem categories listed by 
Hinsley, Hayes & Simon (1977) except scale conversion. . 

Many of the simple and complex categories in Table 3 cont^ain only story : 
problems-- i.e. , most of the rate-based problems are."pure" in the *sense that 
they aibays require a story line. However , each of the category names' followed 



> . , V AnaJ-yaia Qt atopy Pvoblem^ 

. ■ , " ■ ' ■ ■ ^' 

^ hy m ^u,^vUk in T^bl^» 3 may Qontkin §Qme story ^nd'.same non^stopy probiimi. 

r.Tabl© h shows eKsiTiples of stiovy and non-acory vepsiona wlchin §aeh orcliase > 
jaacagQfleB, aUhough Ehe praaenc anttlykts, counted only tha sCovy probl^iiU, . 
ahouUl. be noted chat' for most of tha^problems in Table A, there ware Car moVa 
nqn^atory pWblema. Foir example, for area pvoblema non-atjory problems out- ' 
numb^i^Qrt etoty probl^m^ nccha ratio of ftpproK^im^caXy 10 to \\ 9imilnr-ly, for 
coaaocuCiva tufcageir problems tha non-atory.prdblams outrivimbaml tha atory 
problems ttt tha oratio of approxlmataly 12 to Ir S6m<i^ problems -^wara never 
RreBQntecl in story form; tbosa ai-o digit, anglo, and number .problems, aa ex-" 
omplif led .in Table A. Although there were very large numbers of each of these 
categories and although there are many varlejdes of each category, the full 
number of these categories were not selected for the present sample* 

V ' ' Insert Table 4 about here , 

: . ' ■ " \ . ' . . ■ ■ ■ \ ■ . . . , ■ " ■ 

Classification of Story Problems by 'Template . * * v 

The foregoing section produced- a list of simple and complex category names 

that represent the most common level of analys^is. However, it must be noted \ 

that not all problems in a given category are Similar. For example,* it-'ia ■ • 

possible to locate 12 types of motion prbblems, with som% 4^pes involving three 

variations*. Therefore, this/6ectlon explores a more detailed level of claSsi'- 

.. • , - - ■•: \\^.%.^ ■ ■ • ^ ^ ■ 

fication of problems within each>d^teg^>ry--^lassifi template. 

. , , • . 1" V" , ■ • , ■ ~ ^ ^ ,." ■- ~ : J 

A template refers to a specific proposltloriai structure and' story line. 

\ ■•■ • ■ ■ ■ \- ^ \ ^ • ■ . ^ . . ,- , •■. 

For purposes of th^ present analy6is\w6 bVeak each story -pr5jj)lem into 'a list pf 
propositions. The i^^^ that make up propositions dre: 



yariables— as "the time \t6 gb\ upstream"' 

- A 

» 

i> ■ ■■■ J ■ 



\^aly^^pp^ Story Problems 



operators— such as "is Vwi^e the time" 
/ .values-^-such as any numtiier ^ 
. . relations — such as "equai to" 

An analysis of the propositional structure of story problems revealed that 

' " ' *■"■ '. ■.. ■ "• ^ , ■ '\ ■ '. ^ ■ r ^ •■ * V .? y- . 

there are 1?hree major k^^nds of propositions^ > 

^ assignment, of a value to a variable, such as v"A .boat travels- 

' upstream in 2 hours" could 'be represented as "t^mie 

. . to go upstream =2," or in general^ form as "time| 

■ ■ k ^ ■ ". "V. 



^ as3ignment of a relation between two variables ^ such as "The length 

^ . ■■ • ^' : ■ .■ ^ ■ ■ . ■ . ^ ' ■ ■ - p ; ■ . 

is 2 meters gi^eater than" the width" could be represented'^ as 

i : ■ .% : ^ ,. . T , _ • 

"length = 2+ width," or/in ^general, form as "length = REL width" 
-assigranqnt if a variable to an unknown value, such as "Find the ^ 
' ' speed in still water" could be represented as "speed in still 

^ ^ water = X"f or in general form as "speed in still water = FIND." 
The basic information in any problem can be represented as a list of propor- 
tions, consisting of any number of each of the above thr^e types of proposi- 
tions, and with each proposition consisting of some combination of variable, 
operator, value, and/or relation. 

For example>, consider the problem, "A boat travels 8 miles upstream 
against the current in the Same time th^-t it travels 12 miles downstream with 
'the current. If the rate of the current is 2 mph, what is the speed of the 
boat in still water?" This problem/can be expressed as: ^ 
distance upstream = '' 
' distance downstream = . , ■ ' 
rate of current = 



. rate in still water = FIND ' . . ^ ^ 



\> ' • . Analysis of Sb^ry Problems 

Ov consider the problem, "iJqrking together, Mary and Jane can do a job in 5 

months. It takes Mary twice as long as Jane to do the job alone. How long 

would, it ' take Mary working alone?" ^ The problem can be expressed ,as: 

. rate for Mary and Jane/^together = 

" . ■ > ' • •■ «. 

•rate for Mary « REL rate for Jane \ 

^ rate for Mary « FIND ' ■ . 

I refer to the list of propositions and a Statement of, the story line as the 

template for a problem. Problems belong to the same. template if they share the 

same story line and same list of propositions, regardless of the "actual values 

assigned to each variable, the actual relation assigned to a pair of variables/ 

or which variable is assigned to the unknown. Thus, for example, the fiollow^ng 

, ■ f . 

_ ■ r 

problem belongs to the same template as the work problem above: "Working/ 

alone, Mary can do a job in 5 months. Mary takes half as long /as Jane to do 

her job alone i How long will it take if Mary and Jane work together?"/ In this 

problem the values are different and the ^unknown is assigned to the^joint rate 

rather than. the individual rate, but the propositions are of the/same form. 

The following problem involves a different template "Mary can do a job in 5 

hours and Jane canAio thevjob in 4 hours. If they work together, how long will 

• • • ,- 1 • - . ' 

it take to do the job?" This involves a different template because there i3 no 

"relation" proposition, i.e., the propositions are: / 

. ^ ' ■ ' . / . " ■ 

^ rate for Mary = . / . 

. ' .■ ■ ■-■''/ 

rate for Jane / 

rate for Mary and Jane together » FIND/ 
-As can be seen, templates express the specific /propositional structure of a 
problem, ^ [ ' , ' / 

'For any template, ,the unknown could be assigned to any of the listed vari- 
ables. Thus, for the work problem given immediately above there are three 
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•r ' ' ' . , ■ • . . 

yarlat.ions for the template: rate .for Mary « 5, rate for Jane « 4, rate for 
Mary and Jane together = X; rate for Mary 5, tate for Mary and Jane together. 



« .2 2/9, rate for 
^22/9^ rate for 



Jane = X; rate for Jane » 4, rate ,for Mary and Jane together- 
^Mary » x. Each of these represent a variation of the "work 
together" template; ' ^ \ 

In addition, 'modifications may be introduced for any fqmplate. For ex- 
ample, instead of^ giving rates the problem might say: "Mary works from noon 
until 5 p.m. on the job. If Jane helps her they can finish by 2;0p p.m. When 
would Jane finish if she started at noon and worTced alone?** This problem is, a 
modification of the above template because 'it Invplves the same ptppositional - 
structure, but with the need to convert clock readings, to absolute times. 

Table 5 provides a list of each template found for each .of " the s4.mple aind- 
complex categorie^^. Since simple categories consist of just one template, the 
main focus . of this section is on the templates within each complex 'category . 
The numbers in paren1;heses refer to the frequencies with which each template 
was observed in the sample. For example, there y^ere 113 motion problems; 20 
were the simpl^ category (simple DRT) , but there were 11 other templates 
ranging in frequency from 23 for overtake prob^f^^s to 3 for same direction 
problems. Tabfe 6 presents a-'^morte detailed descri^ion of each template, along 
with variations and modifications that were observed. For e^ach template, the . 
following information is given in X^ble 6: ' the name of the category, the name ^ 
of the template, the frequency of the template, ai description of the story line 
(although a variety of characters or objects are involved in some cases), a 
list of the propositions, a notation of, variations (i.e. , which variables . are 
unknowns), a notation of modifications, a'n example problem. As can be seen, 
there are approximately 90 templates represented in the sample. However, this 
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^ ■ ; ' . ' \ '■ •is''" ' ■ 

number is cut in half if we focus only oh the templates that occur at least 10 

' * . ^ . . • . ■ . 

times in the sample. 

. ,-._....„...........-....„.... ^ ^ ^ ^ 

/ . . Insert Tables 5 and 6 ^about here 

V ' ..\ . ■ ■ ■ - . • . ■■ ■ • .• . . • •■ 

Implications for Research and Instructj^ort " / ' . ' 

' Development pf problem schemata . The importance c5f '^understanding of : 

story problems at the level of templates can^been iseen when one attempts 

to solve problems. -For a novice, all motion problems may look aMkej but the 

.-solution procedure is different for different templates. Matijr«€.|:ustrations and 
disappointments may ai^se when a student attempts to apply, a solution pro- ^ 

^cedure to onei template of a motion problem when^ actually /the prbblem belongs to 
a different template. A failure to Vxplicitly describe each template~dr 

presentation of only one or two templates in a category that contains many— may 

. • ■ • ... ■» . ■ 

lead to the development 6f a problem solving approach that is too narrow. 
Templates can be^iised iji instruction in a variety of ways ^ such as system- 
atically moving from one template to another to encourage transfer skills. 

Greeno and his colleagues (Heller & Greeno, 1978; Riley & Greeno, 1978) ' 
have provided in-depth analyses of some arithmetic work problems, offering 
'"schemas" which are similar to our templates for story problems. Recent re- 
search by these investigators suggest that some templates are much more dif- 
ficult than others, even when the same computations are involved. Thei?e also 
appears to be a fievelopmental trend in^ildren's ability to deal with various 
types of problems. Further research and development is needed in order 'to take 
full advantage bfi the "template level of analysis." 
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Analysis of S^ory Probleihs 

Several 'groups of researchers have shoxm that students try to find out 
what "type*' 9 f problem is presented and then use a solution strategy appro- 

priate for that type (Kinsley, Hayes,! & Simon, 197 ; Heller & Greeno, 1978; 

.-■ i ■ :., v,| «: ... ' ■ , ■ ■• .■ ■.. .■ V . ■ • . . ■. ■ ■ ■ 

Riley & jGreetio; 1978) • However, erfors occur when students asisimilate a , 
problemjto ail inappropriate schema, such as thinking a motion problem is a • 
current ! problem.^ Additional r6seai:ch is required to determine how subjects 
make ju^gtnents . conceming problem types; i.e. , what . are the .features of the . 
■problem that* are most salient for beginners and for more advanced students • 
A relatdd i^sue ^conceripis the effects of explicit instruction .concerning problem 
types and templates, ^ .-r • ' - ' 

Pattern matching practice . Simon (1980) has argued tliat algebra in- ' 
struc^iion. eimf)hasi2es the algebraic operations (such as adding a constant th \- 
both sides of a^ equation, etbi/v^^ V^^ teaching when to . apply the , 

operators. Good problem solvers tend to learn the conditions for each oper- 
ation by practicing and by, examining worXed^out problems. However, ah im- 
portant research question concerns whetker some students should be giv^a more 
practice in recognition of patterns. Mr example, does explicit insttuct^gn 
and practice in^recognizing different templates for the same problem category 
lead to more efficient learning? 

Transfer to different problem types . In the present ta^tonomy there are . < 
many cases of problem isomorphs, i.e., problems in which the solution paths map 



directly. onto one another in one-to-one fashion (see Hayes & Simon, 1976). For 
example,, the Motion: Opposite Direction templates is isomorphic to the 



Work 



Together template, ,R(esearch using traditional problems such as Tower of 



Hand (Hayes ; & Simon, 1976) or Missionaries & Cannibals (Reed, Ernst & Banerji, 
197.^) indicates that transfer from one form of the problem to an isomorphic 
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" form is of]E:en!'quite difficult. Additional resfearchis required to' determine 

. ' how subjects transfer, from one version of an algebra story problem jto another, \ 

.. . ' ' ■ ' ' . ' ' ' • • - ' ■ ' ■ ■ ■ . • ■ ■ 

and In particular, to determine vhat variables Influence ease of; transfer. For. ^ 

example, one question Is whether practice oh one typjs 'of problem at a time (as* 

ts transfer ^as cpm^ared ' to 

practice ot admixture of problem types. A related question concerns transfer ? . 

to creative problem solving. For examp.le, what experiences enhance performance 

: . when unusual story probleius are -presented? ' ^ ' . / ' V- 
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The "scale conversion*' problem asks for fa formula as the answer and thus 

. 'I ■ , • ■ ■. ;» ■ :. ' , ^ ■ 

! ■ . ' ■ ■■ ' ■ ' ■ ^i- ^ --- : ■■: . ■ • ' ■ ■ ■ ■ ■ ■ 

does not fit. our criteria as a stor/ problem. However, in a slightly modified " 

- ;.;-.* ... " ' ' ; . ^ . ; , , ■' ■ ■■' ' ■■■r" ■ «^ ■ ■ . • ^ 

form it wouW "direct variation" category. 

• -■ ' .' • ' ■ ' I ' .. ■ ■ .V''->^v°sV ■ ■ ■ • ■-' 
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Type * 
Equation 



Formula 



Number 



Arithmetic Word 



St pry 
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■ ; Table 1 

Five Formats of Problems 



Definition 



One or more equations are presented, containing one 

. - ■ ■ ■ ■ J- ■ " ' ■■\. 

or more unknowns. The task is' to solve for an 
. unknc\^. - 

One or more equations are* given, along with values^: 

for some of the variables. Thfe task is to sdlve '■■ 

, - - • i V © ^ . ■ V . 

for an unknown. 

' • ■ '. • .'■ ' . . ■ . ' ' " ' ■ 

One or more sentences ate presented, containing 

^ \ , ' ■ . ' ' ' . ■ ■ » . ■ . . ■ ■ ■■ ' 

• • .\ ^" • > : ■ ■ - . ^ . . . ' ■ . ' . 

one or more unknowns, with no story line. The 

task is to solve for an unknown^. ' 

A story^line involving simple addition and/or 
subtraction is glA^eh. 

A stoiry line with characters, actions, and/br 
'objects,^ . ■ 



Example ^' 

X + 10 = 2X 2. Solve for,X. 



Use the formula R = V/l. R = 10, 
1 = 2, Find V. 

IVo less than twice is the same as 
that Inumber added, to 10. . Find the 
number. 

Tom has 5c. >.He spends 2c •> He then 
.earns 10c» HOw much does he, have- now? 

A boat travels 8 miles upstream against 
the current in the same time that it 
travels 12 miles downstream with the 
current. If the speed of the current 
is 3 ihph, what is the speiad of the 
boat in still water? / 
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^ Some Common Source Formula^; for Story Problems 



Name 



Simple DRT 



Simp4.e Work 



, Simple Unit-^Cost, 



Formula. 



distance « rate x time 



output = rate x timB 



total c^st = unit cost x number 'of units 



Simple Interest interest^ interest rate x principal 



. Slmp"le Profit / profit—^ markup rate x cost 



Exqjitiple. of Simple Problem . / . 

If a car travels 10 hours at 30 .miles per hour, 

how fariwill it go? * . * ^ . .* 

If a machine' can produce 10 units per hour, how 
many units* can. be produced in an 8 hour, day? 

If pencils cost, 5c each, how, much will a dozen, 
pendils cost? |^ 

How much will be earned if $1000 is invested at 
8% interest for 1 year. 

If a TV set 6osts the seller $300 and the markup 
if 20%, how miich profit will be made? ^ \ 



Simple Discount discount = discount rate x cost ' 



'Simple Percqnt amount-1 = rate x amount-2. 
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. A TV set regularly sells for -$400. y /A certain 
Store is offering 25% off the regular. price. 
How much can you save? , 



Of 300 votes ^cast in an election, Tom received 30% w 

■ * / f w 

of the votes. \ How many votes did he get? o o 

• " . ■ . .. ' ' ■ .'^ 

' . ■ ■ ' <- . ' ■'■ w : 

■'^^ ' ■ . . rt • 
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(T1MK KATK) 



•uMM.i; CATKiamv simple hbt 

(Kourco Pormiila) SIMPKK WtlKK 



CI)ST-p£l-l!NIT JOVTE 
(UNIT oust «ATE) 

SIMPLE UNIT-WIST 



<:i4iri.i^jc CATEccmitLs mot inn 



FIXKI) COST 

a)iN 

DRY NIXTimK 



P()RTION-TO-T()TAI. .C'/»ST RATE 
' (PERCENT a)ST RATE) 



tVtniLl Iffi, SIAiiilcCnloHnrieH niid rDrapliix Cjiti'RorlwH for Siory Prolilnnn 

.■ . I -..V . 

NIIMKER-SrOHY i:K(inETRY 



SIMPLE INTERl^^ST 
SIMPLE PROFIT 
SIHIM.K DISirolINT 



I NTER EST/ I N VKSTMKNT 

PROFIT 

DISCOiINT 



AUnUNT-TO-AMOUNT RATE 
(STRAIi:ilT RATE) 



SIMPLE RATE * 
SIMPLE PERCENT* - 
SIMPLE FIlACnON* 
SIMPLE PROPORTION'' 
SIMPLE INDEX* 
SIMPLE RATIO* 

DIRECT VARIAtlt)N 
INVERSION VARIATION 
WCT MIXTURE 



PHYSICS 



PART* 
ACE* - 

amSECHTIVE INIECEH* 

ulcn** * 

ANCLE** 
NUHnER** . 



SIMPLE ARFJV* 
SIMPLE PERIMETER* 
SIMPLE ClRCUMER^i^; ^ 
SIMPLE PAniACORKA* 

SIMPLE TRAPEZOin* 

■ •' f ■ 



FALLINC nollY* 
()|IM"S LAW* 



onirR* 



ARFJi*. 
FRAME 

PERIMlWEtt 



FALCRIIM* 



STATISr 



PERMUIA 
PROIlAllI 



PIUH:itESS1.0M 
EXrONENTlAi. 
MAXIW7J\TIO 



NOTE- — Sli>r,Ie nnt(*rlRk (*) ImllciiPN nomc pri>1>lpmH nrr not Nlory |»roblcmM. 

Iitiiilili* aatnrlnfc (*^ Iixllratofl nil prohlenia nri* nut. nlory |iri>blniim« 



Of? 



ERIC 



Name 



Simple Percent 



ParC 



Age 



Table A 

Some Story and, Non-Story Problems 
Story Version: . : / " 

Johrt received 40% of the 20Q votes cast in an 
election. How many votes did he receive? 

A 3 foot- board is cut into pieces such that 
one piece is twice as long as the other. 
How , long is each' piece? 

Pete is twice as old as his sister. In 2^ 



years he will be. 2 years older tharn^his 
sister. How old is he now? 



Non-Story Version 
What is 40% of 200 



A certain number plus twice. , that 
number is equal, to 3. 



Half of John's age is the same as his 
age m^^ntls""^ 



What is his age? 



Consecutive Integer 



Digit 



•28- : 
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In a race three runners finished itl consecutive 
order and "earned a Jiotal of 15 points. What 
are their "places? ^ _ 

: (none) 



Find three consecutive integers suqh 
that their sum is 15. 

Find a two digit number anch that the 
first digit 'is twice the second and 
their sum is 6. 
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Table 4 (Continued) 



Name 



Angle 



Story Version 



(none) * 



Non-Story Version ^ 

A right :angle la divided Into two 
smaller angles. -One angle Is 15 rqore 
degrees than the other. How large 
is It? . 



•Number 



Rectangle 



(none) 

John wants to cover his window* with travel 
s?lckers. Each sticker is 1 inch by 1 inch. 
The length of the window is twice as great 
as the width, and the. perimeter is 36 Inches, 
How. many stickers does John need? 



Fi^;<£r^ number such that 3 more than 
double the number is equal to 

Find the area of a rectangle if the 
liength is twice as great as the width 
and the perimeter is 36 inches. 



(0 
(0 

to O 
to M> 

cn 
rt 
o 



ERIC 



30 



H 
O 

cr 



Table* 5a 



i[ ; C^^^^ Amount-Per-Xlme Family 



AMOUNT-PER^TIME RATE (293) 



ipMPLEX CATEGORY - . 


MOTION (113) ; ' " 


. CURRENT (49) , 


— • — -rrqf — : 


. . WORK (106) 


SIMPLE 'CATEGORY 


SIMPLE DRT (20) 


y 

, (same) 




^ SIMPLE WORK PLATE (5) 


(TEMPLATE) 











TEMPLATES 



OVERTAKE (23)^ 
OPPOSITE DIRECTION (23) 
ROUND TRIP 1 (is) 
CLOSURE l'(12) 
SPEED CHANGE 1 (10) ^ 
EQUAL TIME (8) 
EQUAL DISTANCE (7) 
TRIANGLE ,(4) 
ROUND TRIP. 2 (4) 
CLOSURE 2 (4) 
SAME DIRECTION (3) 
SPEED CHANGE 2 (2) 



TOTAL TIME 1 (13) 

ROUND TRIP ABSOLUTE i ;(lb) 

ROUND TRIP ABSOLUTE ;2 (10) 
\ EQUAL TIME (9) 

PART (2) 4 

ROUND TRIP RELATIVE 1 (2) 
f ROUND TRIP RELATIVE 2 (1)-; 

ROUNd\tRIP RELATIVE 3 (1) 

TOTAL TIME,. 



TOGETHER ABSOLUTE (49) 
IND^IDUAL ABSOLUTE (25) ; 
INDIVIDUAL RELATIVE (12) ^ 
FINISH JOB TOGETHER (6) 
THREfE TOGETHER (6) * * 
THREE INDIVIDUAL (5) 
FINISH JOB INDIVIDUAL (2) 
TOGETHER RELATIVE (1) 



N3 O 

ft. . 

I; 

n 



Note. —Numbers in parentheses in Tables 5a-5g Indicate observed frequencies In data base. 
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•Table 5b 

Categories and Templates for Cost^Per-Unit Family 







■ ■ > '■ " 

COST-PER-UNIT , RATE 


(175) 


* V ■ ' ■ ' • * 


COMPLEX CATEGORY 


UNIT C0^T-(32) V 


COINS (70) 


\-y ' ' ■ ■ . 

^^DR^ MIXTURE (60) 


X • . . ■ 
SIMPLE CATEGORY (TEMPl^ATE) 


SIMPLE UNIT COSTS (13) 


(same) . , 


(s^ame) 


TEMPLATES' 


FIXED PLUS UNITS (32) 


, ■.- . ■■ ■■■ ■ V- 

TOTAL NUMBER GIVEN (32) 


TWO ABSOLUTE AMOUNTS (25) 



RELATIVE NUMBER GIVEN (31) 
THREE RELATIVE NUMBERS (7) 



i;WO RELATIVE AMOUNTS (25) ' 

^' ■ 

ASD TO GIVEN (8) 

■Jk-'. ■' ' ' . * 

4' ' ■ ^' •• ♦ . r . 

^THREE RELATIVE AMOUNTS (2) 
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OA 



■, f->.'....,'. « 



-X 
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POU'^JION-OF-TOTAL COSTS (l/»7) 




\ 


COMPLEX CATEGORY , , 


INTEREST/INVESTMENT (99) 


PROFIT (-) 


DISCOUNT (-) 


SiMPLIS CATEGORY (l^lPLATES) 


SIMPLE INTEREST (9) 

SIMPLE INTEREST fit TIME (14) 


SIMPLE PROFIT (/») 
SIMPLE COST (6) 


SIMPLE 'DISCOUNT (7) • / 
SIMPLE COST (8) j, 


■ V . . ■ 

TEMPLATES 


COMPOUND TIME (56) 
TWO ABSOLUTE AMOUNTS (19) 
TWO RELATIVE AMOUNTS (11) ' ' 
. TWO EQUAL INTEREST AMOUNTS (8) 


_ \ . ■ 


■■ ~ ■ "■ ■ ■ — — " — 'r—-' 

■ *:■ ' ■ ' • . ' 
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THREE RELATIVE AMOUNTS (3) 
DEPRECIATION (S^ ' 
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GutagorloH an<\ Tomplacofl fov Amoimt-l'ev-Amounc Vnmlly 




AMOUNT-PIJR-AMOIINT (S!76) 


COMl'l.KX (JATKGORY 


DIRKCT VAUlATtON <n3) 


^ INVERSE VARIATION (33) 


WET MIXTURE (60) 


SIMPI.K OA'l'KCOlUKS 
(TEMPLATKS) 

I 

1 


SIMPLE RATE (fl) 
SIMPLE PERCENT (26), 
8TMPI.E RATIO, (17) 
SIMPLE FRACTION (16) , 
SIMPLE INDEX (12) 
SIMPLE PROPORTION (11) 


(Bniiio) 

' * ■ 

t 

- # • . 


(iinn)Q) 

"» 


TEMPIATES 

f 


MISCELLANEOlJS (//6) 
UNIT COST (19) 
TRAVEL (10) " 
MAP SCALE (10) 
WEIGHT (8) 


PRESSURE-VOLUME (10). 

PHYSICS (7) 
- -MOTION (7) 

WORK (6) 
' * UNIT-COST (3) 


\ ADD TO GIVEN (A2) ; 
TOO ABSOLUTE AMOUNTS v(18) 



Note. --All Jbracketed names for DIRECT VARIATION refer to same single teniplate; all bracketed names for 
DIVERSE VARIATION refer to same angle template. Names In brackets refer to different situatlohs, 
but share the same teimplate. 
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Table 5e 



Categories and templates for Number-Story Family , 




NUMBER-STORY (90) 




COMPLEX CATEGORY 


PART (A8) ; AGE (38) ^ 

1 1 : ^-r-^-^ ■ 


~ — . . ; — - 

.CONSECUTIVE INTEGER (A) 


SIMPLE CATEGORY 










* 


TEMPLATES 


NUMBER (*) ^ NUMBER (*) 


NUMBER (*) . 




\TWO PIECE RELATIVE (41) " RELATIVE THEN NOW 
THREE PIECE RELA^TVl^ (7) ABSOLUTE THEN NOW 


(28) SUM (4) - v , 
(10)' V • ; ' 

* 


Note. — -Other non- 


•story categories are: NUMBER, DIGIT, RATIO, ANGLE. 





Table 5f 

■ ■ ' ■■ . . . ■ , ' ... . ^ ■ . . ' ■ 
' . Categories and Templates for Geometry Family » 


* GEOMETRY (69) ' 


COMPLEX CATEGORY 


RECTANGLE (46) 


CIRCLE (7) 


TRIANGLE (16) 


SIMl^LE CATEGORY 
(TEMPLATE) 


SIMPLE AREA (10) 


SIMPLE CIRCUMFERENCE (7) 


SIMPLE PYTHAGOREAN (16) 


TEMPLATES 

# ■ 


FRAME ABSOLUTE 1 (11) 
RELATIVE AREA (10) 
RELATIVE PERIMETER (8) 
FRAJ^E ABSOLUTE 2 (5) 
FRAME RELATIVE 1 (I) 
FRAME RELATIVE 2 (1) 
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Table 5g 

Categories and Templates for Physics Family and Statistics Family 





PHYSICS (17) 


STATISTICS (30) ' 


COMPLEX CATEGORY 


FULCRUM (17) 


\i 

EXPONENTIAL (22) ' PROGRESSION (8) 


TEMPLATES 


two' Absolute WEIGHTS (14) 


J)ECAY (10) INCREMENT-DECREEMENT (8) 



TWO RELATIVE WEIGHTS (2) REBOUND 1 (7) - 

THREE WEIGHTS (1) REBOUND 2 (5) 



Note.— Other non-story PHYSICS problems are: FALLING BODIES, OHN'S LAW, OTHER PHYSICS. 

Other STATISTICS problems are: PERMUTATIONS/COMBINATIONS, PROBABILITY, MAXIMIZATION. 



Analysis of Story Problems 
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Table 6 

templates for Each Category, of Problem . 



Motion: Simple PRT (n « 20) 

A vehicle travels a certain distance in certain amount of time at a certain speed, 
distance ■» ^ ^ 

time » ^ ■ ■ 

rate «■ FIND '\ . . ' 

Variations: rate unknown (12) , time unknown (5), distance unknown (3). 

Bill Less drove from Boston, to Cleveliand, a distance of 624 miles, in the time of, 

12 hours. Find his rate of driving. 



Motion: Overtake (n » 23) 
q^e- vehicle starts and is followed later by a second vehicle that travels over the 

•same route at a faster rate. - 

ratei for A «" 
/rate for B « 

time for A and B » 



time for B to overtake A -FIND 



B unknown (5) , distance 



Variations: time to overtake unknown (13), rate for A or 

' traveled u'nknown (5). ^ 
A train leaves a station and travels east at 72 km/h. Three hours later a second 
'train leaves on a parallel track and travels east at 120 km/h. How long will it. 
take to overtake the first train? 



ERIC" ^ 
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,.„. ' . ■„';.■:.- ..; ... ,„■ : ■:,:■„,■,.',.■■■,,.,:,■,■.:■,. 32. ' 

. Table 6; (continued) 
Motion: Opposite Direction (n « 23) 

Two vehicles leave the same point traveling in opposite directions/ 



rate for A « 
rate for B » 



i 



distance between A and B » ' 
time » FIND 

Variations: time unknown (16) , rate^ unknown (7) . 
Modification: vehicle B starts after vehicle A (3)« 

Two trains leave the _ same station ^t the same tiine. The^ t^ravel in opposite 
directions. One train travels 64 km/h and the other 104|kni/h. In how many hours 



will they^ be 1008 km apart i 



Motion: Round Trip (n » 13) . 

A traveler (or vehicle) travels from point A to point B and returns, 
rate from A to B « f 
rate from B to A « 



time for entire trip 



] 



di^^Jtance for entire trip = FIND 



Variations: distance, unknown (10), time jinknown (3) .1 ■ 



Modification: Delay before starting on return (3). | 



George rode out of town on the bus at an average speed iof^f20 miles per hour 
and walked back at an average speed of 3 miles per hour. How far did he go 
the entire trip took six hours? ^ 



if 



Analysis of Story Problems' - 

■ ■ . . ■ •■ . ■ ■ ' ■ ■*■■■■.■— « •■■-^ ■ . ■ ■ • ■■■ 

\\ ■ Table 6 (continued) ^ - . - ' 

Mo tioti; Closure 1 (n - 12) r . 

Two velil'cles start at different points traveling towards one another. 

rate- for; aX._ . - ■ 

rate for B « 

■ ■ ■ ■ ■ . , • • . .. . ■■ ■ " " >\ ■ ■ . 

distance between A and B 

time » FIND - 

• , V ■' ■ ■ ■ ' ■ ' 

Variations: time unknown (10), rate unknown (2) , find distance (0), 

Modifications: Vehicle B starts after A (4). " . 

Two bikers start at the same time from towns 36 miles apart.: - .The bikers m^ye 

toward each other; one. travels at 4 mph and' the other at 8 mph'. How long will 
it take for them to meet? ■ -i 

Motion: Speed-Change 1 (n » 10) 

A vehicle travels at a certain rate for the first leg of a trip and then changes to 

another rate for the remainder of the trip. 

rate for first part of trip « < 

rate for second part of trip « ___ 

total distance » 

total time " 

distance for first part (and/or second part) FIND , 
variations: time unknown (3) , distance unknown (7) 

Otrotrot.jogs and walks to school each day. He averages 4 km/h walking and 
8 km/h jogging. The distance from home to school is 6 km and he makes the trip 
in 1 hour. How far does he jog in a trip? 
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. - Table 6 (continued) ^ 

. Motion; Equal-*Tlmes (n « 8) 

One vehicle travels a certain distance at a certain rate in the dame time that a 
second vehicle travels a certaiti distance a (Certain rate, 
distance f or A » ■ . 

distance for B ■ " .• * 

rate for A « REL rate for B \ j:v 

rate ;for A (and/or rate for B) » FIND ' ' 

Modifications: While one goes X distance, other goes Y distance (2) • 

A car travials 300 kilometers in the same time that a train travels' :'200, kilometers. 

The speed of the car is 20 kilometer^ per hour more than the speed of the train. 

Find the speed of the car and the speed of the train. /yvi^l^^^ 

.....■.,.-■1,/ ■ • ■ ■ ' ■ ^ 

- ■ V y '/A-Sv^^>, ■■ . A. • ■■ ' ■ ■ 

" Mot ion ; Equai«*0^g ianc e ( n ° 7 ) 

One vehicle trjave%^^^ amount of time at a certain rate and covers the same 

distance as a second vehicle that travels for a certain amount of time at a 
certain rate. / ■.• .y-r 

rate for A'«_ ; . 

rate for B « 

time for A « REL time for B 
distance traveled by A (or B) = FIND 

Variations: distance unknown (3) , rate unknown (2),' time unknown (1). 
Modification: While one travels in X time, other tr|^els in Y time (1). 
An express train travels at 80 km/hi from Baysville to .^Seneca. It takes 2 hours 
less for the trip than for a passenger train that travels 48 km/h« How far apart 
are Seneca and Baysville? 
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Table 6 (continued) . *r ' 




Motion; Triangle (n « 4) ^^'-^^^^^ ' ^' * 

Two vehicles leave same point at same time and^^el at right angles to' one 
ai^other^' ' ■ -'^ ' 'm^B^'--^ 

rate fCr A - REL rate for B 
time for A and B » 




distance between A and B 



•rate yf^ - ' ' V. / 

. ;Tw:p joggers leave the same^ point at right angles' to. one another. One travels 
1 km/h faster than the oth6r;\; After 2 10 km apart. Find the speed 



of each. 




Motion; Round -Trip 2 Xn 

A traveler or vehicle '@8|^^^^om point A to jpolnt B and returns 
;:rate from A to B « .' 
rate from B to A =» '■ , 
tir.3 from A to B « REL time from B to A 

distance from A to B = FIND 

<* ' • ■ 

. ■ ■ . . . ■ \^ ■ ,, • • ■ 

/Variations; distance unknown (2), rate unknown (2), 

Polly Paddle has just enough money to rent a canoe for , 2! hours. How f aif oat 3 
on the lake can she paddle and return on time If she paddles out at 3 km/h and 
back at 2 km/h? . • ' . ' 



Motion: Closure 2 (n :^ ^. - 

Two vehicles start at different points traveling towards one another/ 



distance « 
time a 



rate for A « REL rate for B 

50. 



V Analysis of Word Problems 

• , " * . o' _ • " ■ . . '•■ . . ' . 

Table 6 (continued) " \ 

■:■ ' . c ' ■■■■ ■•■ 

rate for A (and/or B) » FIND 

Two hikers start at the same time from Jtowns . 36 -miles apart. The hikers move 
towards each other and meet in 3^hojw^^ ' 
the other. What is the rate of each hiker? 

Motion I Same-Direction ,(n « 3) 

Two vehicles leave same point at same time traveling in same direction at different 
■ rates'.'^ . 

rate for A « • ^ 

rate for B =• ..' *^ . • . o 

distance between A .and B = 

time for A and B =» FIND 

Variations: time unknown (1) , distance unknown (1) , rates unknown (1) • 

Motion: Speed-Change 2 (n =» 2) ^ , 

A vehicle travels at a certain rate for the first leg of a trip and then changes 

to another rate for the remainder of the trip. 

rate for first part = REL rate for second part 

total distance =» / 

time for first part =» 

time for second part « ' 



rate for first part (and/or rate for second part) =» FIND 
Current; Total -Time-1 

A boat travels a certain distance with the current and a certain distance against 
the current in a total time, 
rate of current « 
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Table 6 (continued) 



distance with current 



distance against current 
total time « 



rate in still water = FIND 

Variations: rate in still water unknown (6), rate of current unknown (7). 
The current in a stream moves at a speed of 4 km/h, A boat travels 4 km up- 
stream and 12 1cm downstream in a total time of 2 hours. What is the speed of 
the boat in still water? 



Current: Round-Trip 1 . (n « 13) 

A boat •travels a certain distance with the, current and a certain distance against 
the current in a total time. . 

rate of current « ^ "V ^ ^ 

distance with current = ^ 



distance against current = 



total tl-ne 



\ 



rate in still water » FIND « 
Variations: rate in still water unknown (6), rate of current unknown (7). 
The current in a stream moves at a speed of 4 km/h. A boat travels 4 km upstream 
and 12 km downstream in "a total time of 2 hours. What is the speed of the boat 

in still water? 

f-' •■ ■ ' ■ . ■ ' ■ ■ '• ' ' ' ■ 

Current ; Round-Trip 1 (n « 10) 

A boat travels with the current in a certain time' and returns against 'the current 
in a certain amount ; of time, 
time with current » 



time against current 
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T^ble 6. (cotvtinued) ^ * " 

rate of currcint » ' ! . 

fate in still watei: « FIND ] 
Modifications: story line with boats" and aijrplanes . ~ 
A boat travels 3. 15 'hours downstream, ,where the current is 5.82 km/h.- It 
returns in 9.97 hours. Find the s of the boat In still water." . 

Current; Rouncl-Trip-2 (n ° 10) ; ^ 

A boat travels with the current in at certain time and .returns in a certain time ' 
^a^alnst the current. 

time with current » " i 

: — T — r, ■ ■ . ■.. ■ ■ ■ 

distance one-way « ' / ^. v . 

■ V ■ ■ / ' " X ■ 

rate in still water (and/or rate/of current) " FIND 

. ■ ■ • ■ . « . ' • ■ '■>■ /■ ■ ■ s ' . ■ ■■ ■. 

Modifications: story line with/boats and airplanes. 

■ •-■ ■■ -^^ ■ ,/ .■ ■ ■■ ■ ■ . ■ ■ ■ ■■ ■ \ ■ 

Variations: rate in still. wat4r unknown (9,) , distance one-way unknown (1).. 

Fly High Airlines flies f rom/Podunk to. Swampville in 5 hours with a taiiwind. 



The return trip^, against tljfe same wind> takes 6 hours. Podunk;is about 5550 km 

from Swampvi lie. Find the speed of the plane and the velocity of the wind. 

. " . ■ -■ ■ " " ■ . /t ' . ' • ' ' ' > ■ -• 

^ ^ ■ . ■ ■ .• ■• « 

. ■ ■ . ■ , 

Current : Equal-rTime (n =^ 9) ' ' 

A boat travels a certain distance- ^th a current in the same time it can travel 

a certain distance against the current. - . ' 

rate In still water " ) ' s '■ 'ts^ 

distance with current = , * . . - ^ 

distance against current = • / 



rate of current « FIND, 

Variations ■» rate in still water unknown (3), rate of current unknown (6>i 



1^ ; ' " "f^ '. \ \ Analysis of 'StorsH Problems • . 

■■■■■■ :^ •■ y: ■ ; -r.. •. ; ■ ■ ' ■ . . - - * ■ ' • " ■ %. ; ■. ■■■ ■.. 

/ * - ' '\ ^ /Table j6_(contlnued) * 

'^^^^^^^^ per jiiour in still' water . ^ It travels 

60j 'Kilometers upstream ;Ln the same-time *'that it travels '90 kilometers downstream.' 
' what is the' rate .of current? , / 1^ 

Current;; Part (n f 2) , ■ 

A boat- travels at a certain .rate, with the current and a certain rate against the* 
current, ^ ' , ' ' " / . - " * ' » ' 

rate with current « ' j 
' rate- against ^current " ' ' ' - ; 



rate in still water (and/or rate of current) « FliO) , \ 

, , ^ ; . V ... / ■ ^ ^' . ■ . . .•; ■ . . 

Fairfield's rowing team cah tow downstream' ^t a fate of' 7 mph. Theyfcan row 
back to the stairtina^aint at a rate of - 3 .mph-/ Find' their 'oroWing -rate in still 



'W^ter arid the r ate ^ of 'the. current. > 



■ • -. ■ .'^^^^ — 7-^^ — — 

Current:' Round-Trip-Relatiye l v(a ¥-2>.>- S / 
The time ^to travel "with the current is -compared to "the time to travel the same 
distance against the current. 5:^; ' " 

..rate in still water » ■ '. " , • . 

rate of current « ■ . 



time with current' » REL ' time against current /. 

^ • . ' " ■ ■ ' ■-.'v ■•' ■ . ' " ■ ' ' • ■ --'''..[ 

distance one«-Way » . FIND ^ * 

Variations: rate of ctirr^nt unknown (1) , . distance one-way unknown. (1) . - ' 
The air speed of an .airplane is 225 miles per hour. Flying from city A to 
'city it has a tailwind of 25 miles per hour. It takes 3 hours longer to fly^jl 
from B to A than from A to B. ; How far apart are the two cities? ' 



6 
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■'; '■. " ■ ' ■■■ ■ • ■ - ■„■' ^ ■ ■ . AO ■ • ■ 

. •■ •. Table 6 (continued) * 

Current? Round^Trlp-Relative-2 (ri ° IX 

The time to. travel with, the current Is compared ^to the time to travel the same 
distance against the purrent. " , ^ 

rate with current " 
rate against cur^^xit ^ ^ 



time wit'S' current » REL time against current * . , , 

distance oner-way » FIND 

A ship can go downstream from town A to town B at 32 kilometers per hour in five . 
hours less time than it . takes to go upstream from 'B to A at 24 kilometers per hour/ 
How far apart are the towns? ' i 

■■ • - . • ■ - ■■ ■- . . . : ■ ^ \: ' • \ | .- . . 

Current !:Round-*Jrip"Relative"3 (n « 1) - • ^ - | ...... 

The time and rate to. travel with the current is compared to the time and rate to 
travel dgainst the current. ' „ ; ^ v 

.distance one-way » _1_ \ , ' 



rate with current « REL rate against current 

time" with current » REL rate against current 

■ "J - ■ • . ■ - ■ ■ ' 

jrate with current (and/or rate against current ) » FIND 

An airplane flew a round-trip training flight from airport A to airport B, The 
distance between the two airports was 1200 miles. Going against the wind the 
pilot flew 60 miles per hour slower than returning. It took one hour more time 
going th^n returning. What was the speed going and returning? 



W^at. 



Current : Total-Time-2 (n » 1) 



A boat travels a certain distance with the current and a certain distance against 
the current in a total time. 



rate in still, wate.t » 7^ 

. / ~~~ • -5 



Analysis of Story Problems 
Table 6 (continued). 

rate of current ■ 

time for two-way trip ■» ^. 



distance for one-way «■ FIND , * . 

Tim can- average 12 mph with his boat In still water. In a river with a current 
of 4 mph, it takes- him 9 hours to travel from point A to point B and return. Find 
the distance from A to B. , 

Work: Simple Work (n « 5) 

A worker produces a certain output by working at a certain rate for a certain r 

amount of time. 

rate of work » ^ ; - 

.tlme-« • ■ ' . * ' " -y^ ^ 

output » FIND / • - ^ . " ' 

Variations: output unknown (3), time unknown (2). . ^ 

A fisherman can catch and clean a fish every 20 minutes. If he spends an 8 hour, 
day fishing, how many fish will he bring home? 

Work: Together (n « 49) 

Two working together; given individual rates, find combined rate. 

rate for A = . - t. . 

rate for B « - 



rate for A and B ' together =» FIND ' . 

^^ary can do a job in 5 hours and Jane, can do the job in jl.'hoars. ,If theiy work 
together, how long will it take to do the job ?^ 



Work : individual (n. » > 25 ) . > 

'''■*',■•«'.• ' ' ' ' • ■ ' ' 

Two; working together; given combined rate and rate for one, find rate for other. 



Analysis of Story P,robleraa 
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■ Table 6 (continued) 
rate -for A » ' , 
rate for A and B together - 

rate for B.» FIND ^ . 

■ To do a -Job alone, It would take Jane 1! hours. If Mary helps they can do the job 
in 1 hour. How long would It take Mary to do the Job working alone? 

Work; Individual-Relative (n « 12) 

Two working together; given combined rate and. relative individual rates, find 

individual rates. 

rate for A « REL rate for B 

rate for A and B together « ^ 

rate for A (or B). ««^ND . - . . 

Working together, Mary and Jane can do a job in 5 months. It takes Mary twice 
as long as Jane, to^^do the job alone. How long would it take Mary working alone? • 

Work; Finish-Job-Toeether (n « 6) 

One worker begins and is joined later by another; given Individual rates and time 
of one on job alone, find combined rate for rest of job. 
rate f or A = ^ 

rate for B « ' . . 
time A works alone « ' 

rate to complete job for A and B working together FIND - - 
. Mary can do a job in 7 hours and Jane can do it in 5 hours. How long will It take 
-both to finish the job after Mary has been working' alone for 3! hours.? 

Wo r k ; Ttiree^Toge ther (n'« 6). ' ' - ■ ^ 

Three working to^ether^ given individual rares, find combined rate. 

rats for A "? ' " . . ,\ -^^ • ' 
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Table 6 (continued) 



rate for B - 
rate for C • 



rate for A and B an^ C together^ - FIND 
To do a job alone, %would take Jane 3 hours/Mary 5 hours and Jerry 6 hours. 
How long would it take if they all worked together? 

Work: Three^ Individual (n « 5) 

Three working together; given combined rate, and two individual rates, find ' 
other rate. 

rate for A « ^ 

-ratevfor'B * . ' y-. - i-y r '-^^^^ 



rate for A and B and C together - 
rate for C « FIND 



tj - - 



Mary can do- a J ob in 3 weeks and Jane can : db^^^ 

it take. Jerry - - - ' * ' - 'v. : '^^-^ 




Work; FinlsWob-Individual fn « 2) 
One worker begins and /is joined later 4^nf^^^ 
rate for one, find rate for ot^er. v /^^^^^;^^^ 



rate for A « 



time A works alone 



rate to comprete job when working .with" 6 




rate for B «. FIND 



, Jane can do a job in .5 hou^rsv -Aft^ir; voting -^br '2; hours^ slJ^is; J oii^d^^y;;^ 
Together they finish ^the^jc^ lriU^;^ 
/^ritire job working alone? . C ^ V- ' ' ^' ^ ^ 





V >'" *j ' .^ * ^ . ' ' ; - ' . V) : ^ Analyala of Story Problems 

Wbtk; together-"KeaAtlve ' On 1) 4 ^i' 



' V; . .'Two relative rate for other, find 

V coiablned rater. v ' • . 



' , rtfCe for A 



. "^rat'e fot B ;a*;REL> xat^"^ f or A and B together 



R 



v^ate f ov 4 Grid B •tbgether = FIND 
Mafy can 'do^a j.ob,lftj 3 minutes. It takes Jane 4 minutes longer to do the job 



thap^ it takes- Both of them working together. How long does it take to do the job 



^ " >Afi both Vork tog;ether? 



Cost-XJnit-Total (n « 13) . 
; T^A ^ cost for a certain number of units yields a total cost, 

iftumliei^ unitsv'a ^ 



J^' ■ /run^^ost - FIND. 

: . VMVariati^ total unknbwtj (2>; number of units unknown (1)^ 



, ^ She eamed a total of $15. How much does she earn ^ach hour? 



. Unlt"&s^t : vyixed-Pl^^ (n « 32) 



Total .Cost C<5f wage) is based on a flat qpst plus a certain unit cost applied 



^ to a c^ta^ number of units. - f . 

) j. .< flat coi?t ^ • . 
^- :. :unitOeost ■ ■■■ 



,number^ of units « 
?; f 0 t^L COS t « FIND 



... * 

.variations: total cost unknown (23); unit cost unknown (7) ; flat cost unknown (2). 
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Table 6 (continued) 

Sl«e=n balla of yarn can be bought fron, a ord.r house for 29, each plus 
$2.72 for postage. J^hat does the 

Coins ; T otal~Number-r;^xror . fr. _ 32) 

A certain number of coins, consisting of t.o different types of coins, totals 
a certain total amount. 

number of coins = . . 

value of coin A = , . 

value of coin B." 
total value of all coins = 



number of coin A (ana/or number of coin B) » FIND 
Modifications, story lines about coins, stamps^ 

A collection Of 25 dimes and quarters amounts to $5. 05. How many .of each kind 
of coin are there? 



Co Ins : R ela t Ive-Numb er-Glven (n » 31) 
in a couection Of two types of coiis. the number of one type i^: related to the 
-, nu„ber Of the other type and the collection is worth a certain total amount, 
.number Of coin A = REL number of coli^B 

value of coin A » 
. value of coin B « 
total value of all coins >« 

■f-' ■ ' ' . •• ■ . ■' . ■ ' ■ 

yiumber of coin A '(and/or number of coin B) - FIOT^^^' ^^^^^^ '^ ^ 

Modifications J story lines ahnnh ^ ■ ' ' 

auory iines about coins, stamps, and tickets 

Ken's com' collection contains 7 „ore dl„es then niCels. In all. the collection 

•amounts to- S3; 25. How «any of each coin does he have/ 
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Table 1,6 (continued) ' y 

X .. 0 : ■ ■ ■ • ■ ' < ; • i ■ :'n; ■ • . ^ ^ . 

Coin? Three-^Relatlve^'Numbers (n ■ 7) ; / i I 

■ ' ' " ' ' ~ "~ ■ ■ f i » ? \r • \ 

• . • " ' L 

In a collection. of three types of coins, the number of pnp' type Is related to phe. 

^ . ■ - ■ t\ S'^'i ^ ■ / ■ ' 

number of second type and the number of the second typeilSsi ;related to the number 
of the third type, and the collection is worth a cerCairi jtotal amount. 



number of coin A » REL number of coin B 



I 



number of coin B ■ REL number of coin C j • i 

■ ■ ■ ' ' ■ ■ ■ ■■ . V • . V| I 

value of coin A =• ., r 



value of coin B a 

value of coin C ° - ■ ' ' ' - • V 

■ ■ • ■ . . ■■ ir - 

total value of aH-coitis-g — — i^V 
number of coin A (and/or number of colh B, and/or coin C>;p FIND 

■■' ■ ■ ' ■ . ■ y ■ ' • ' . ■ ■ ' - ■ ■ ■ • 

Jill has some pennies, nickels, and dimes. In all she ha's- $3. 92. The number of 
nickels is two less than the number of pennies. She has 13 more dimes than 
pennies. How many pennies, how many nickels, and how many dimes does she have? 

. -. • " • • " - ■ ■ "V ' ; ; •■ - " ' ^' - . 

Dry Mixture: Two-Absolute^'Amounts (n 25); ; 

Some amount of one item with a certain unit cost is mixed with some amount of 

.1 . . . • ■ 

another item with a certain unit cost to yield a total amount with- ascertain unit 
. cost; individual amount unknown, 
unit cost for A = ' 

unit cost for B = ; ' : 

total amount for mixture ? 
unit cost for mixture =» -.. 



number of units of A (and/or number of units of B) « FIND , 

; ■ . . ; ■ ■■.->;. /. , 

Modification:, story line with price per pound, per metric unit, or per piece. 
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Table 6 (continued) 

A . grocer mixes peanuts worth $1.65 a pound and almonds worth $2.10 a pound. She 
wants 30 pounds of the mixture worth $1, 83 a pound. How many pounds of each should 
the grocer include in the mixture? 

Dry Mixture: Two-Relative^Amount (n « 25) . 

Some amount of one itme with a certain unit cost is mixed with some amount of \ 
another item with a certain unit coat to yield a total amount with a certain . 
total cost; relative amounts are known, 
unit cost for A. ^ 

unit cost for B = . . ■ ' 
total cost for mixture «» 



number of units of A » REL number of units of B • ' 
number of units of A* (and/or number-of units of B) » FIND 

Modifications: story line with price per pound, per metric unity or per piece, 
Pedro wants ta mix candy selling at $2.20 per kg. with another selling at $2.40. 
per kg. He.^nts to makte an $11.60.gift b The number of kg at $2.20 per kg ' 
is 1 less ' than the number of kg at $2.40 per kg. Find the number of kg of each. 

Dry Mixture ; Add-to-Given (n « 8) ' 

Given a certain amount of one item with a certain unit .cost, some amount of ' 
another item is added to yield a total amount with a certain unit/&ost. • V 'J 
unit cost for A » 

unit cost, for B » 



" number of units of A » 
unit cost for mixture = 
unit cost B ». FIND 
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\ ' Table 6 (continued) ^ . " . 

Some corn coating 60$ per kg is added to 50 kg of pats costing 90(? par kg to make 
animal feed coating 75(? per kg. How many kg of corn should be added? 

Dry Mixture? Three-Relative-Amounts (n • 2) \ 
Certain amounts of three itmes with different unit costs are mixed to yield a 
total amount with a certain total cost. 

unit cost for A « ■ ., • r 

unit cost for B = . 

unit cost for C « - 

number of units of A « REL number of units for B 
number of units for B = REL number of units for C 
total cost of mi:>cture " 

number of ,,units of .A (and/or B; and/or C) « FIND > 

Chemicals A, B and C cost 60c, 40<:, and 80c per gram, respectively. They are 
mixed so that the number' of grams of B is twice the number of grams of A and 
is 3 less than the number of grams of C. The mixture is worth $11.40. How many 
grams of each chemical should be used? > 

Interest: Simple Interest (n = 9) 

A certain interest rate apiplied to a qertain principal yields a certain amount o^ 
irilterest. ' ret 

amount of interestVplus^^amount of principal amount of interest 

rate of interest . amount of principal =» 

amount of principal = FIND rate of interest = FIND 

Variations: principal unkfiown (4) ; rate unknown* (3) ; interest unknoim (2). ^ 
An investment is made at 6%. It gro^ws to $848 at the end of the year. How much 
was originally invested? - - ^ 
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Table 6 (continued) 
Interest! Simple^Intereat'^Time (n •« 14) 

A certain interest rate applied simply to a certain principal for a certain 
amount of time yields a certain amount of interest, 
amount of principal - 

rat€^f interest ■ : , 

amount of interest • 



time of loan - FIND ^'^^ 

, ■■ ■ • /♦ ■ .v>r^' ■ * • ' ^ ' 

Variations: time unknown (4) ; principal unknown' (4) ; rate unknown (3); amount of 

' interest unknown (3), 
Sheila^ borrowed $2700 from, the bank at 9**% interest. She paid $499.50 in interest. 
How long did she keep the loaht 

Interest : Compound-Time (n « 56) . n , 

A certain interest rate applied compounded to a certain principal for a certain 
amount o^ time yields. a certain amount oIE interest. 

amount of principal « 

rate of interest " . . ■ • ■. 
time of loan « 

■ . ■ ■ • ' 

amount of interest p^ufe amount of principal = FIND 

Variations: rate unknown (29); interest plus principal unknown (18); principal 
unknowii (5) ; time unknown (4). 

Suppose $750 is invested at 5% compounded annually. What amount will be on 
the/account at the end of two years? 



^ Interest: Two-Absolute-Amounts (n =» 19). 

<;A certain amount of .money is split into two parts with one part invested at one 
rate and the. other part invested at another interest rate. ^ 



ERIC 



AnAlyeig of Story Froblema 
.30 



Table 6 (conblnuocl) 



total omount invoated 
rate for part A 

rata for part a • ^ 

amount of interest from total investment 



amount in part A (and/or amount in part B-^ » FIND / 

Part of $2000 is invested at annual interest. The rest is invested at 6%. 

Last year's Interest was $136.50. How much money was Invested at each rate? 

In t eres t : Two-Re la t ive-Ambun t s (n •■ '11) 

A certain amount of money is invested at one rate and another amount is invested 
at another rate.. j * . 

amount in part A «• REL amount in part B 

rate for part A « ^ 

' rate foir part B- » - 
amount of*interest from total investment « 



amount in. part A (and/or amount in part B) « FINDV. 

Delaine Jones invested a certain amount of money at 6% annual interest and 
$2000 more than that amount at 8% annual interest. Last year she received 

$580 in interest. How much did she invest at each rate? 

' . ■ ■ . ■ ' . . 

Interest: Two-Amounts-Equal-Interest (n » 8) . 

A certain amount of monisy invested at one rate yields the same interest as 
another amount of mojciey invested at a different rate, 
amount in part A * 
rate for part A =« 
rate for part B = 




amount in part B =» FIND ■' ^ 



' . . • ' . . ■ . ^ • 31 ■ 

tftbXa 6 (contlnudtl) . 
Alttn Tokaahlr^^ invaBtad $3000 a.c 7% intereBt. How much muat ha Invaac ac 
6.3X Incecaac co obtain tha aama Inooma? 

Inter oat I Thraa**Amoun(:fl (n 3) / 

Part of soma la inyeated at one rata, part la invq^tocl at another rate, and 

part is not invested at all.. / \^ 

rate for part A 

amount of part A REL amount of total 
rate for part B «■ - 

amount of part B * REL amount of total 

amount of interest from investments."" 

total amount FIND ' ^ - 

Alba Invested one-half of her money a^ 5,75% interest. and one-fourth of her 
money at 5,5%. If her total interest. at the end of one year was $136,. find her 
original sum of money. . : - - 

Interest; Depreciation (n*^- 2) 

A certain amount depreciates at a certain rate pertinent, 
original value « ..^ 

rate^of depreciation . - 



current value 



number time units » FIND * 

A piece of machinery valued at $50,000 depreciates 10% per year by. the fixed 

rate method. After now many years will the value have depreciated to $25,000* 

Profit: Simple Profit (n « A) 

' ■ ' " ■ ' . '' i ■ ' . . ' ■ . » • ■ . . 

the amount of tax on ah amount is determined by applying the rate to the amount. 

high price minus low price 
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Pireunt profit i 
low price FIND v> ' ^ 

Varlatlonaj low prlca unknown <2)| percant unknown (2), 

A 6X axoloa tax on the vnlua of a car amounta to $180. What ia the valua , 

■ , I ■ ■ 

of fiha car? . ' ^, , . • \ 

■ I — ■■■■ . . I I . . . - ^IWIWWil „ IM ^ . — ,|,W,IW> H .I.W» — r i.,11, , )| .,1 II. _ , ,11 h, „ , , | - ,|l „^ „, „ - 

. ■ . . , - . H ' : 

Profit: Simple Coat (n - .6) ^' ) 

A certain percentage applied to one price, yields a profit that la added^Q|t%(: 
price to make a selling price. v ^. .^^^ '•-^i^' 

high price " ■ P. s » 

percent profit ■ 

■ low' price - FINE ; . . .' ^ ''/-^ '■ ' ;^ , / . ■ • /■ 

Variations: low price unknown (4); high price unknown (1); percent unknown (1)/ 
A merchant sells a camera for $250. « Find the cost^^lf 'the profit 18/25% of the 

'COSt... • . : ■ _ ■ ■ . . ' / ■ 

• ■ , > . ■ ■ . -V . .. .; :. ' - )\ " 

Discount; Simple Discount (n « 7) 

The amount of discount on. an item is determined by applying the discbunt rate - 

- ■ , ' " . ■ .... • ' • ' . ■ '■ ■ /V' 

to the original price. V ' ' 

• ■■ ■ ■ • ■ - ■ ' " '■ 

original price « - — — ^ * , 

percent discount « ' ■ " ' \ 

amount of discount « FIND 

Variationsr amount of discount unknown (5); percent unknfi«^n (1) ; original pric6 
unknoim (1) . ^ V s 

TJyrone gets a dQ% discount at the Stereo «Center. He got $4 off on ^ tape 
recorder. What was the regular price? 

— •■ — — — . • — ^ — •. ; ; — — — •. ^ — ■ — ^ — ■ 
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Discount*; . Simple Cost (n ,« 8) . 
The price of an item is discounted by a certain percentage. " • . 

Jdiscount price « ' ■ ^ 
percent discount » , • ■ ' 
original price « FIND 

Variations: original price unknown (5); percent unknown (2); discount price 

unknown (1). . 
An appliance store drops the price of a certain typ^ of TV 18% to a sale price , 
of $410. What was the former price? ' 

Rate; Simple Rate (n » 8) , . 

A certain rate applied to a certain number yields another number. , 

number of A units » / 

, number of B units =* - • 

•. ■ • ■■ . " 

rate of A to B » FIND 

^ • .... . . ^ • . • • • " 

Variations; rate unknown (5); number of A units unknown (2); number of B-units 

unknown (1) . 

■ ■ ■ • ■* ' . . 

A student ate 4 hamburgers in 16 minutes. What is the rate in hamburgers per 

•-V-. . - ■ . - " ' ■ ■ • " .* ■ ; ' . ■ 

minute?' ^ . ^ _ : 

•Pe^^ p ^'" Simple- Percent ■ (n « 26) - ■ ' \ " ' ^ , ^ ^ 

A certfetn percentage of a total yields a part, 
percentage =« ^ 



liiimber of total 




number of part « FIND - i4 > 

Variations; part unknown (12); percent uiiknotm (12); total unknown (2)\ 
Sujpppse 10% of 1200 students were absent. How many -istudents were absent? 
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Table 6 (continued) 
Proportion: Simple Proportion (n « 11) 
A certaitt proportion of a total yields a part. 
proportion «» • 
number in 'total - . 

number in part » ^ \ 



Variations: part unknown (6) ; total unknown (5). 

Lee^s batting average is .675. how many hits should Lee score in 5000 times at bat? 

— ' ■ 'I ■ ■ ■ ' " 

Fraction: Simple- Fraction (n » 16) 

vA certain fract;ion' of a total yields a part, 
fraction » 

number in part « . . " 



nMEjber in total - FIND , _ 

Variations: part unknown (6); total unknown (11). 

About $2 billion is spent on advertising in magazines. Of this 4/5 is spent on 
. T.V. ads. How' much is spent on T.V. ads? 

^ , : ■■ ^ — 

Index: Simple Index ' (n =» 12) ^ 
A certain index applied to ^a part yields a total, 
index « : -■ ■ \- ■ : , ■ 

number, inr^^total =^ _j / 



numtier in p^rt f FIND 



■-Sf /, Var^^^ total unknown (A). 

: A^l^^^&^^ithft^ kilowatt^ hours of electricity per year. 

■ ' TMli^i^ 1^^ itimei^- that used : 'by ^^lidi .stat^ sets . How many kilowatt hours does 



the . ^^lid' state ^madel use in,; 
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Table 6 (continued) 

Ratio: Simple Ratio (n « 17) 

A niimber of elements is related to anotl;xer number based 



on some ratio , 



ratio of A to B » 
number of A ■ 



number of B « FIND 

Variations: part uigjoiown (13) ; ratio unknown (4). 
The,:r^tio of women to men in ^ class ^ is 8 to 5. If 'ther^ are 40 women, how 
many men ^re there? * 1 ^- 

Direct Varation: Miscellaneous (n » 36) . ! 

If a certain amount corresponds to certain number of \inits, then a different 
amount will correspond to a different number of units. 

amount for A «- 

\ ^ •■ ■ • ■ i 

units for A » 

units for B " 



amount for B « FIND 

Situations: shadows of varying lengths, work, physics^ riacipes, etc. 
If a machine canVmake^ 1000 bolts in 2 hours, working at tlie same r^te how many 
can it make in 5 hours? I 

Direct Variation: Unlt-'Cost (n = 19) 1 . 

If a certain number of units cost a certain total amount, ithen a different number 
of units cost a different total amount,' ~ 
total cost for A » ■ • 
number of units for A = 

number of units for B = • ^ 
total cost for B =» FIND 
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Table 6, continued) .\ 



Twelve slices of pizza cost $6. How much. would eight slices cost 



7 



Direct Variation; Traveling (n » 10) 

If a certain distance can be covered in a certain number of days (or using a 
certain amount of gas), then a different distance can be covered in a different 
number of dayM|fh: using a different amount of gas),. 

distance for A « 

number of time units for A » 

number of time units for B « -■ 
distance for B « FIND 



Maria traveled 700 kilometers in 5 days. At this rate 'how far wpuldv she 
travel in 24 days? 

Direct Var/ation; Map. Scale (n « 10) / | 

If a certain length on a map corresponds to a certain actual distance, then a 
different length on the map corresponds to another distance • 
length on map for A « 

actual distance for A » • ,^ 

length, on map for B - 



actual distance for B « FIND * ' " ' / 

If 5 cm on a map represent 400 kilometers, what-^distance does 16 c|n represent? 

Direct Variation; Weight (n -^8) " 

If a certain length of material has a certain weight, then another length of the 
material wilL have a different weight. - \ 

length for A « 

weight for A » 

length for B « 4\l 

• . ^> ' ■ . ' • 
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•^nalysla Story iroblema"'' / 



weight for. B •FIND 

• If 30 meters of wire weigh 8 :kilograms/wh^t: 
of wire weigh? 





same* kln3^.; ; ^ 



Inverse Variation ; Pressure-^ Volume ^ (n » 10) ^^^^^- I r 
The volume of gas under a certain pressure changes toV^^ ^der 
a^ different pressure* --y^ ^^^^ . V^^^: • • 

pressure for situation A » ]■ 
'I volume for situation A » 
pressure for situation B « 



volume for , situation B » FIND 

The volume of^-gsT^ies inversely as the pressure upon i t . The volume of a 
gas is 200 cm uhder pressure of 32 kg/cm^. What will be ^its volume under a 
pressure o||40 kg/cm^? 

Inverse Variation: Physics (n » 7) • _ 

A rate, that produces a certain amount is changed to a different rate that pro- 
duces a different amount, 
rate for A a 

amount for A « > „ > 

rate for Bt = ' 

amount for B =» FIND / 
Situations: Ohm's Law. Inverse- square Law for Mass. wavel^^^ 

The current-in an^electrlcal cpnductor varies Inver reslstCe of ' . 

the conductor. The current Is 2 amps when the resistance is 960 ' ohms . ^What Is the 
current when the resistance is 540 ohms? 
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- ^. ' ; ' Table 6 (continued) ^ 

Inverse Variation r Motion (n « 7) 

jif :lt^^^ certain amount of timfe to travel at a certain rate, how long will " . 

it take to cover the same distance at a different rate? 

. rate for A « ' 

■' • ■ ■ • ■ " ' . • * . " 

time for A.» 
ratef for *B » / 



time for B FIND ^ 

The -time to drive a certain distance varies Inversely kccording to the speed of the 
vehicle. Mary Bronson drives 47 mph for 4 hours/ How long would It take her 
to make 'the same trip ^t 55 mph? 

Inverse Variation: Work (n » 6) 

If ^ takes some number of workers a certain amount of time to do a job, how long 
would it take a different number of workers? 

rate for A ^ ^ 
amount for A =» > 
amount for B = . 



rate for B a FIND \ : ^ 

The . time to complete a job varies inversely with the number of workers. 

If it takes 4 hours for 9 cooks to ^prepare a schoollunch, how long would it ^Ice 



8 cooks to prepare the lunch? 

— ^ . ' : • . 



Inverse Variation: Unit-Cost (n =3) 
^:rf appertain number of people to share the tot^ cost, how much will the 

Individual cost be for a different number of people? 

cost per. person^ for situation A a . \ 

number of people in situation A = 

number of people in situation B = '' ' 
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Table 6 (continued) 

cost per person in situation B « FIND - * 

The cost of renting a beach cottage varies inversely as the number of people who 

■ ■ . ' . • ■ ' ■ ' ' ' ■ . ' ■. 

rient the cottage. It costs $12 per person for 4 people to rent the cottage for 

a day. How much does it cost per person for 6 people^to rent the cottage? 

Wet Mixture; Add-to-Given (n « 42) r 

Given a certain amount of one solution, some amount of ^another . solution is added 

to yield a total amount of a new solution. 

percentage for solution A » 

amount of solution A = ' 
percentage for solution B » . 

percentage for total solution « ^ 

■ ■ * ' ^ 0 ■ ' ■ 

amount of solution B » FIND 

Modifications: solution B is evaporated from total mixture (2). 

A chemist has 1 L of a 5% acid solution. How many liters of a 20% solution 

must be added to make a mixture which is 10% ^acid? 

_ , 1, . - ' . ' '/ ' . ■ • 

Wet Mixture: Twb-Absolute-Amounts (n = 18) ^ ^ 

Some amount of^one solutiop is mixed with some amount of a second solution to 

yield a "total amount of "a new solution. 

percentage for sojLution A « 

percentage for solution B « ./ 

percentage for total solution* = 

amount for total solution ^ 

amount of solution A (and/or amount of B) = FIND 

■ ■ " ' f . ■■ ' ' ■ ■■ ■ 

Variations: Amount of solution A (and/or B) unknown (16); amount of^ final solution 
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■ ^r^'^rW^^-'^S^ Table 6 (continued) 

Modification: solution jB Is drained from total amount (2). 



Dried apricots are 5% protein and dried prunes are 2% protein. How much of 
eachr type of fruit should be used to make a 100-gram mixture that is-3%-proteiti? 

Part: Number 

^One number is 8 more than another. Their sum is 54. Find the number. 
(This is not a story problem.) 



Part; • Two-Pieces (n =« 41) 

A certain object (or amount) is broken into two parts. 

total amount = . ' ' « 

amount for part A = REL amount fqr part B 

atnouht for part A (and/or amount for part B) = »FIND . v 

Modifications: story line for boards, ropes, wires, cables, coins, land, people, ^ 

■. - - ■ \, ■ . ■ . ' - ■■ ■■■■ • 

time, costs, angles,, distance, tickets. . 
A 8-meter rope is cut into two pieces. One piece is 3 meters longer than the 
other. How long are the pieces? 

Part : three-Pieces (n = 7) 

A certain object /{or amount) is broken into three parts, 
total amount =* ' 

amount for part A « REL amount for pa?:t B ^ 

amount for part B REL amount for part C 

■ . ' ■ • ^ . ' . . . 

amount for part A (and/or part B, and/or part C) = FIND 

Modifications: story line for wires, boards, ropes, coins, angles, weights. 
A 480 m wire is cut into three pieces, the second piece is three times -dh lorig as 
the first. The third piece is four times as long as the second. How long is each 
piece? • » V 
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Table 6 (continued) \ 

Age: Number 

Four times Pete's age is the same as twice his age^^'^^s 34. How old' is Pete? 
(This is not a story problem.) 

Age: Arithmetic 

In 9 years Eric will be 25 years old. How old is he how? 
(This Is not a s^o^y problem.) 

._ - -• ^- - • ■ ' • ■ . - • • ■ 

Ag e : Re la t iv^^-Now-Th en (n « 28) 

Relative ages for two people how are compared to their relative ages at some other 
time. 

age for A at time 1 « REL age for B at time 1 " 
age for A at- time 2 « REL age for B at time 2 
time between time 1 and time 2 = 

age for A at time 1 (and/or age for B at time 1) = FIND- — 
Modificatzbns: use different time 2 for A then for B (2); relation is sum* '^-f 

of ages (7) . / ' " 

Ann Teak is twice as old as her , son. Ten years ago Ann was three times as old as 
her son. What are their present ages? . 

Age: Absolute-Now-Then (n « 10) * ' 

Absolute ages for two people now are compared to their relative ages at some other 

.time. ■ ■ 

age for A at time 1 « ^ 

age for B at time 1 » _ : 



age for A at time 2 « REL age for B at time 2 
time between time 1 and time 2 « FIND 
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Table 6 (continued) 

A. man is now AO years old andLhis son is 14 years old. A number of years, from 
now the father will be twice as old as his son. I^at is^his number^of ,ye^ 

Consecutive Integer; Number . ? * » ^ 

The sum of three consecutive odd integers is 189. What are the integers? 

(This is not a story problem.) 

Consecutive Integer : Sum (n « 4) . 

• ■ ■ ■ . : \ ■ : ■ ■* 

The sum of several consecutive Integers is given. 

number of integers » 

suii of integers =» 

value of each integer =* FIND 

(The five members of a cross country team finished in consecutive order. The 
team. score was 45. Find the place number of each runner. 

Rectangle: Non-Story 

The length of a rectangle is 2 inches greater than the width and the perimeter dLs 
36 inches. What is the length and width of the rectangle? 
(This is not a story problem.) 



Rectangle: Simple Area (n A 10) *v 

The area of a rectangle can be determined by multiplying length times width, 
length =« 
width « 

■ ' ■■ ■ **, 
area = FIND \ ■ 

Variations: area unknown (5) , width unknown (3) , "length unknown (2). 

. ■ " ^ . ' • . ■ ' ' . ^ • ■ ■ ■ . ■ "' ' . • 

The Kroger *s rectangular garden measures 12 yards by 15 yards. What is the area of 

their garden? 
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Table 6 (continued) 

Rectangle: Ffame 1 (n a 11) 

A frame with a certain width surrounds a rectangle. 

length of large, rectangle « ' ■ ■ :. ^ 

width of large rectangle = ^ ■ • 

area of small rectangle « • 

width of frame « FIND • 

.A framed mirror is 40. cmsby 55 cm. 1924 cm of the mirrors shows. Find the width 
of the frame. 

Rectangle; Area-Relative (n « 10) 

A certain area of a rectangle occurs when the length is related to width in a 
certain way. 

length a REL width ^ ' . 

" area « ^ivrvl-. ' " * 

length (and/or width) = FIND . t^: - 

The length of a rectangular window pane is twice its width. The area of. the 

pane is 98 cm . What are the dimensions of the pane? ' . • 

' " ■ . ■ ' ' ■■ ' . ' ■ ■ ■ ■■ f ' 

Rectangle: >Perimetei;. (n = 8) 

A certain perimeter of a rectangle occurs when the length is related to the width 
in a certain way. ^ . . 

length » REL width . 
perimeter « ____ 



length (and/or width)' a FIND , ^ ^ 

Modifications: value for half the perimeter is given (2). 

A rectangular palyground is 60 meters longer than it is wide. It can be enclosed 
by 920 meters of fencing. Find its length. V . 
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Rectangle; Absolute Frame 2 (n « 5), ^ ^ * 

A frame with a certain width surrounds a rectangle. 

length of small rectangle » ^ . 

width of small rectangle ^ 

area of frame 

width of frame « FIND ' 

Modification: area of frame is ^ame as area of small rectangle (3) 
Mr. Serena wants to double the area of his** garden by adding a strip of uniform 
width along each of the four sides. The original garden is 12 ft by 18 ft. 
How wide a strip must be added? 

Rectangle*: . Frame-Relative 1 (n'= 1) x 
A frame with"' a certain width surrounds a fectangle. 
length of small rectangle « REL width of small rectangle 
width of frame =^ . 

area of ^frame » X . 

length of large rectangle (and/or width) « FIND 

The length of Hillcrest Park is' 6 feet more than its width. A walkway 3 feet 
wide surrounds the outside of the park. The total area of the walkway is 288 
square feetr Find the dijiensidtis of the park; * ' 

Rectangle: Frame-Relative- 2 (ri = 1) 

A frame with a certain width surrounds a rectangle ' ■ . 

■ ' . " . ■ " . ■ ■ '.■ A--'- ' ' ■ ' ^. 

width of frame =» 

♦ • . - ■ .• • *i • . . 

area of. small rectangle = REL area of large rectangle 

length (and/or width) of large rectangle » FIND . 
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/: table 6 (continued) ' 

A. picture has a square frame that is 5 cm wide. The ^rea of the picture Is two- 
thirds of the- total area of the picture and the frame. What are the dimensions of 
the frame? , 

Circle; Word 

A circle has a radium 35 cm. . Find the circumference. ' - * 

(This is i^ot a story problem.) 

Circle; Simple Circumference (n =7)" 



Given the circumference, find the radius; given the radius find the circumference, 
circumference « . ^ ..^^ 

radius « FIND ■ . ' ' ^ 

Variations; radius unknown (5), circumference unknown (2) ♦ 

The circumference of a cl^ck face is 880; cm. The minute hand touche'fe the outside 
of the clock face. How long is the minute hand? ' 

■ r ' ' — " ■ .--^ " ' ' ' • ' . .-^ 

Triangle: No Story . ^ . . 

For a right triangle, what is the length of the hypotenuse if the two other 
sides are 3 and 4 inches? ; 
(This is a not a story problem.) -v 



Triangle: Simple Pathagorean (n « 16) ' 

Given the length of two sides of a right triangle, find the length of the 
remaining side. 

length of side a .=« •' '■ ^ * 

length of side b =» - ~ . 

length of hypotenuse FIND . ' V 

.^Variations :^ hypotenuse known (10) , side a or b unknown (6). r * 
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Table 6 (qohtin^ed) " * . ' 

■• ■ • • ■ " • • ' . " ■ ' 7 ' ■ 

A 26-foot ladder is leaning against a buildinjl^; o^ 

•10 feet away from' the Building.' How far above'^the ground~'do¥s^'thV la^^^^ 

'. ' . ' • ■ • * . > ■ . . ^ ■ " 

the wall? . , 




Fulcrum: Two-Weifehts-Absolute (n « 14) 

■ ■ ■ ' ■ ■ ■ ■ - -i^^^ • ^ 

One object is positioned a certain distance f fdm a fulcrum such that it is 

. ■ 

balanced with anothef object that. is positioned a certain distance on the 
Other side. , 
weight of A =*. ___ 

distance of A from fulcrum =»' . - 

weight of B ___ 



distance of B from fulcrum = FIND 

Variations: distance unknown (6); wiaight tinknown (8). 
^ Laurie wisighs 60 kg and is sitting 165 cm from the fulcrum of a seesaw. Bill 
weighs 55 kg. How Jf ar from the fulcrum must Bill sit to balance the- seesaw? 

Fulcrum: Two-Weights-Relative (n =» 2) ^ . ■ 

One object is positioned a certain distance from a ^fulcrum such that it Ts 
balanced with another object that Is positioned *a certain distance on the 
othei^ side. ^ ■ > 

" ■ . . i . . . • " % . ■ ' . ■ . 

"weight of -A ^- ^; V 

' ' . . ,. , • • ■ ■ < ■ - . . ■ 

weight of B ' , > 




distance A »REL distance'B 



distance A (and/or B) = FIND ' ^ .'^ - ' ' 

Variations: Distance unknown (1); weight unknown (1). 

.Tina and Wilt are sitting 4 meters apart on a seesaw. Tina weighs 65 kg, arid Wilt 
weighs 80 kg. How far from the fulcrum must Tina be sitting if the seesaw is 
in balance? . „ ^ 



ERIC ^ 



81 



Analysis of " 



' Table 6 (continued) 

^ Fulcrinn; ^ Three-Weights (n » 1) 
Two objects oare one side of a fulcrum. and 



- by - one J^bject on 



•v: 



the other side. 



^weight -of r A** 
..wMght of^ 



t 'of C 



di6ta^ce for' C ^ 



'^ai:^anp;e * for A « fel distance for -B 1 




■ disitance for A (and/cn: distance for B) «^^IND ^^^^ 
Bud and Bob balanced Neal on: a seesaw^."^ . Bud: weight 
• from the fulcrum than Bob?, who wiaight's 'A:0 kg- v^^M 

\ Bud and Bbb by'* $ii:ting * s ixers f r^pv^ the 'f do . . . 



Bud 



. Exponential r ^Decay -> (n « ■ l6) . ■ ' ^^S^^:'- 



.... ... ..^^(•■'."■'■^-X.;''^;^. 

An ^amount d^^a ' ^t. certain'^^t^^^ . " . 



decay ratja; 



ending amount » , / 
,timeL « FIND 



Variations:^ tihie'Aintoown (6p,»^ unknown. (4) . 

A. certain- elefflehf/iias^^^^^^^ of 2 years; I^. there) 60 pounds of .-the 

materl|lv how mticli^time will take until th^iE Is less thap one pound? 



.Si vl 



Exponential : Rebound'*! (ti^ « 7) 
^ A ball bounces less high on each successive bounce. 
Starting value ^ 



ERIC 



too 



* ^; ' . V Analysis Story' Problems 

' , V ' ^ - (continued^ - 

percent dampening. » j_ ' • v, ; 

total distance » FIND / _ ' ^ / ) 

A silicon ball droppj^ed 12 feet rebounds^ 7/10 of the hight from which it fell. 
. How far will it travel before coming to rest? ' . ' ; ^ 

' Exponential: Rebound 2 (n » 5) ^ 

; A ball bounces less high ^on each successive .bounce. 

starting value - . * ' ^ * ^c^^^;/ 

' percent dampening =»;_^ . - 



distancfe on certain bcrlince =» FIND 

1? . s. 



A golf ball ^dropped from the height, of 81 meters rebounds 0|i each -bounce 2/3 
bf the distance from which it fell. How far does''it fait olft^its 6 descent? 



Series: Increment-Decremeat (n. 8) . ^ 

A certain number is incriemented by.'^ constant %^ ad<^i|;tb^tfpta^^^ recrusfi^ely'^ 

amount of increment = i * 

number of increments =• : . "^'"^ 




starting value =?' v ■ . ^ i"^^- 

ending value = FIND ; ^• 

Modifications: decrement from number one (2). 

.Joan saves^ 1 dime the 1st day, 2 dimes the 2hd day, . 3 dimes the 3rd day, and so on. 
How much money W13.1 she have sAved at the end of 30* days? 

'.s^ t' ^ ' ' — " ' ' . • ..' ' ' — ^ — m 



1 
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